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Day 2 Objectives

• By the end of today’s session you should be able to:

– Prepare phenotypic and genotypic data to conduct a basic GWAS 
with few-/no- assumption violations

– Assess the degree to which phenotypic and genotypic data are ready 
for use in GWAS using PLINK and R

– Summarize the phenotypic and genotypic data-related assumptions 
of a GWAS and their implications when violated

– Identify strategies to address GWAS assumption violations



1) Basic GWAS data and 
assumptions (single-
sample study)

2) Data considerations 
where assumptions may 
not be fully achieved 
(single- sample study)

3) Data preparation 
considerations for a multi-
sample meta-analysis

Uffelmann, E., Huang, Q. Q., Munung, N. S., De Vries, J., Okada, Y., Martin, A. R., 
Martin, H. C., Lappalainen, T., & Posthuma, D. (2021). Genome-wide association 
studies. Nature Reviews. Methods Primers, 1, 1-21.Article 59. 
https://doi.org/10.1038/s43586-021-00056-9



Overview of Basic PLINK Files

Marees AT, de Kluiver H, Stringer S, et al. A tutorial on conducting genome-wide association studies: 
Quality control and statistical analysis. Int J Methods Psychiatr Res. 2018;27(2):e1608. doi:10.1002/mpr.1608
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Phenotypic Data Prep 

• Inclusion / exclusion criteria

– Data collection details

• File Format

– File type (PLINK or other)

– Header, delimiter, missing-value codes



Basic GWAS Phenotypic Assumptions

• Continuous data have a normal distribution: Outcome should 
have a normal distribution if you are conducting linear 
regression

• Binary Data have an equal case-control ratio:  The number of 
cases is close to the number of controls (~1 case : 1 control)



Basic GWAS Genotypic Data Assumptions

• No SNP missingness: At the participant level, there are not a large proportion of SNPs 
that are missing 

• No Sex Discrepancies: Self-reported sex and sex from X chromosome heterozygosity are 
the same

• Appropriate Minor Allele Frequency Threshold: SNPs above a set MAF threshold

• SNPs in HWE: Included SNPs are in Hardy Weinberg Equilibrium

• Participants with Some Heterozygosity: At the participant level, the proportion of SNPs 
with Low-/High- rates of Heterozygosity is low. 

• Non-Related Individuals: Participants in the GWAS are not related to each other

• No Population Stratification: Participants in the GWAS do not represent multiple 
subgroups with different allele distributions (e.g., genetic ancestry groups)



Most GWAS Do Not Uphold All 
Assumptions

Be Aware, Be Careful, Be Diligent

Document always and often



One Basic Assumption – No Covariates or 
Confounders

• No third variable influence.  The distribution of the outcome  
(or genotyping data quality) is not due to a third variable

• Classic Covariates- age, age2, biological sex

• Laboratory/Study Design-Related Concerns
– Processing/isolation of DNA

– Genotyping batch effects

– Project study site

– Multiple genetic ancestry groups



Additional GWAS Data Files

Other file formats 
Variant Call Formats (.vcf, .bcf) for sequencing data
Oxford format (.gen, .bgen, .sample)



Phenotypic 
(and Covariate) Data 

Checklist to 
Test/Address 
Assumptions

*Note: Pay attention to 
analysis plan/consortium 

guidance if conducting 
meta-analysis



Genotypic Data Checklist to Test/Address Assumptions



Genotypic Data 
Checklist to 

Test/Address 
Assumptions



Breakout Room Recommendations
• Start with the phenotypic QC tutorial/RCR question  ( ~20 min, 5 min break)

– https://qimr.az1.qualtrics.com/jfe/form/SV_5AuuMePy7gDTeJg 

• Once you arrive, decide who will:

– Run code/share screen

– Read out tutorial text (in case the coder cannot see)

– Write answers in tutorial page

– Keep time

– All should provide feedback on answers for the tutorial page

• Bonus phenotypic tutorial at the end.  Complete genotypic QC tutorial first.

• Proceed to genotypic QC tutorial (~1 hour, 20 minutes)
– Link in the phenotypic QC tutorial 

https://qimr.az1.qualtrics.com/jfe/form/SV_3eXrS1WZX2gS39s 

https://qimr.az1.qualtrics.com/jfe/form/SV_5AuuMePy7gDTeJg
https://qimr.az1.qualtrics.com/jfe/form/SV_5AuuMePy7gDTeJg
https://qimr.az1.qualtrics.com/jfe/form/SV_3eXrS1WZX2gS39s


Questions?

• Talk to a tutor when they stop by

• Share your question in the workshop forum under Day 2

https://isgw-forum.colorado.edu/c/isg-workshops-2026/day-
2/31 
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Take Home Points

• There are several steps in conducting QC of data prior to running a GWAS. These 
are crucial to ensuring your GWAS has the greatest chance of success and that 
results will be interpretable

• Phenotypic QC- Phenotypic and covariate data were generally concluded to be 
ready to be included into GWAS. If you want to see how we went from the raw 
version of these data to the version you worked with, try out the extended 
phenotypic QC tutorial

• Genotypic QC- You were able to 
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